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1 Introduction 



The peculiar velocities of galaxies hold a lot of information on the current 
dynamical state of the mass tracers such as galaxies or groups of galaxies in the 
Universe. This information can be used to constrain the relationship between 
the mass tracers and the underlying dark matter mass distribution responsible 
of the observed dynamic. This gives a measurement of /3, the linear growth 
. factor of density fluctuations, which yields either a measure of J? m , the mean 

matter density in the Universe, or of the shape of the function M/L(L). We 
propose here to show that Lagrangian reconstructions of peculiar velocities 
permit this kind of comparison and may serve to constrain the above two 
quantities. However these constraints can only be tight if observational biases 
qq ' are taken into account correctly, which is in most cases possible. Galaxies of 

the Local Volume, with good peculiar velocity measurements, may thus help 
constraining the dark matter dynamics. 

Lagrangian reconstruction predicts peculiar velocities of individual mass 
tracers from only their redshift position and their mass. We will illustrate the 
reconstruction procedure by the means of the Monge-Ampere-Kantorovitch 
(MAK) reconstruction, which has already been extensively tested on simula- 
tions (Brenier et a!., 2003; Mohayaee et al., 2006). The impact of observational 
biases such as redshift distortion, mass-to-light assignment (diffuse mass, M/L 
relation), incompleteness effect, finite volume effects, statistical measurement 
' of /3 has only been studied thoroughly in Lavaux et al. (2007). In this pro- 

ceeding, we propose to look more precisely at the consequence of choosing a 
specific mass-to-light assignment on detected tracers. 

To study the aforementioned effects, we use a 128 3 N-body collisionless 
sample in a 200 3 /i _3 Mpc 3 volume (Mohayaee et al., 2006), with Q m = 0.30, 
Qa = 0.70. From a halo catalogue, FullMock, built from the sample, we have 
produced mock catalogues. FullMock is obtained using a standard Friend-of- 
friend algorithm, whose linking parameter is chosen to be a fifth of the mean 
particle separation of the original sample. Haloes of less than 5 particles were 
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left unbound and the corresponding particles put in a set called the "back- 
ground field" . This set represents 63% of the total mass of the simulation. 

2 Correctable observational biases 
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Fig. 1. Result of a reconstruction including finite volume effects (selection and 
boundary effects), redshift distortion, incompleteness. Left panel: simulated veloc- 
ity field smoothed with a 5 /i _1 Mpc Gaussian filter. The white circle shows the 
40 /i _1 Mpc region inside the 80 h 1 Mpc deep mock catalogue. Middle panel: recon- 
structed velocity field smoothed equally. Right panel: individual comparison between 
reconstructed and simulated velocities for haloes of the mock catalogue inside the 
white circle. 

The result of including all the observational effects mentioned in the in- 
troduction, except the mass-to-light assignment problem, in mock catalogues 
are given in Fig. I. As one can see for a standard mock catalogue, built to 
have approximately the same features as observed redshift catalogues (such 
as 2MASS Redshift Survey, 2MRS hereafter), there is no significant bias in- 
troduced on reconstructed velocities. However the scatter may be significant, 
all the more that the number of measurements is low, which means a good 
statistical description of the error is needed to achieve an unbiased Bayesian 
estimator of J? m from measurements. A problem that is not highlighted in this 
figure, is that incompleteness correction, if done unwisely, e.g. by assuming a 
wrong j? m , may yield an offset in the relation shown in the right panel of Fig. 1. 
Unfortunately, a similar offset is introduced by a wrong choice of the Hubble 
constant H and thus its measurement may be hindered by incompleteness 
effects though hopefully without strongly affecting the i7 m measurement. 

3 Mass-to-light assignment 

Diffuse mass - The first problem comes from the intrinsic limitation of red- 
shift catalogues: they have a lower luminosity cut-off which translates to a 
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minimum lower mass. In fact, in 2MRS, with i m ; nj K — 10 9 L Q , and using 
Shcth and Tormen (2002), we find that ~ 50% of the mass distribution may 
be missing in real data. We have tried to reproduce that problem in FullMock 
by not using the background field to build the reconstruction mesh. It has lead 
to an overestimation of the reconstructed peculiar velocities because the grav- 
itational field of the haloes is in reality screened by the background field. On 
the contrary, if one predicts the amount of missing mass and introduces it ho- 
mogeneously in the reconstruction mesh, reconstructed peculiar velocities are 
underestimated because of a too important screening effect. This two extreme 
cases lead, for mock catalogues, to low constraints on J? m : 0.15 < J? m < 0.74. 
However we showed there is an optimal compromise between those two situ- 
ations that give an unbiased reconstruction, with nearly no extra scatter on 
reconstructed velocities, when compared to a reconstruction on FullMock. 

M/L relation - Another fundamental problem of mass-to-light assignment is 
the use of a unique M/L relation to transform detected galactic luminosities 
to dynamical masses. We have built a luminosity catalogue from FullMock 
using the M/L relation given by Tully (2005). A mass tracer catalogue is then 
recovered by assuming either a constant M/L or a M/L as given by Marinoni 
and Hudson (2002) which is obtained by mapping a Press-Schechter mass 
function to a Schechter luminosity function. The reconstructed velocities are 
then compared to the simulated ones. We tried also to introduce a significant 
uniform scatter on the logarithm of the mass M of haloes in the original mock 
catalogue. The width of the distribution was chosen with A log 10 M = 1 to be 
consistent with observations. The result of these three tests is that a random 
uncertainty on the M/L relation does not produce bias and leads only to a 
relatively small increase of the scatter between reconstructed and simulated 
velocities, whereas changing the relation (even a little) quickly introduces a 
significant systematic when comparing these same velocities. 

4 Application to an Extended Nearby Galaxies Catalog 

While these results are still preliminary (Lavaux et al. in preparation), we 
present here a MAK reconstruction for which we have tried to account for 
rcdshift distortion, zone of avoidance, finite volume effect and incomplete- 
ness. We chose M/L = 300 for elliptical galaxies and M/L = 100 for spiral 
galaxies. This choice is motivated by observations of velocity dispersion of 
groups. As we have neglected the influence of the diffuse mass, we are most 
likely going to overestimate reconstructed peculiar velocities and thus to un- 
derestimate J7 m , as shown in § 3. Fig. 2 summarises the result obtained using 
this reconstruction. The reconstructed line-of-sight peculiar velocities look in 
agreement with measurements, at least in the central region. Of course, in the 
outer part of the catalogue measured velocities are both intrinsically noisy and 
incorrectly reconstructed because of boundary effects. The right panel shows 
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Fig. 2. Left panel: line-of-sight component of reconstructed velocities for objects 
with a measured velocity. Middle panel: same as left panel but for the measured 
velocities. Righ panel: Comparison between reconstructed and measured velocity 
field, obtained after adaptive smoothing of the corresponding individual velocities 
on a uniform grid. Solid line corresponds to i? m = 0.30, dashed-line to Qm = 0.38 
(result given by the Bayesian estimator) . 

that reconstructed velocities are well correlated to measurements but that 
there is an offset most probably coming from an incompleteness correction 
defect, mentioned in § 2, that needs be corrected in future reconstructions. 



5 Conclusion and perspective 

So far we have checked the influence of each observational bias and shown what 
must be included to extract useful informations on dark matter dynamics. 
The first applications of our method to real galaxy catalogues look successful 
though are still probably affected by some of the biases. More checking must 
be conducted as has been done on mock catalogues to establish the amount 
of systematics. We are now going to apply the method to a bigger catalogue 
like 2MRS or 6dF to decrease finite volume effects. Other information may be 
extracted from Lagrangian reconstruction of the Local Volume such as local 
initial conditions for constrained simulations and statistical quantities (power 
spectrum, cosmological parameters) that may be compared to those obtained 
by CMB experiments. 
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